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Introduction.

The data for the caloulation of the air forces acting on
thé.elevators, obtained from previous model experiments are
not immediately applicable in practice, as the angle at which
the control surfaces meet the air stream is, in general, still
unknown. The air étream, when it reachesfﬁhe elevator has al-
ready been deflected by the wings and although the velocity
impartéd to the air «rrent by the wings is of negligible amount
compared with the speed of flight, the air behind the wings has
been deflected,ddwnwards, so that the elevators work in an air- .
stream which is inclined in a downward direction. The angle at
which the air stream mesets the elevator surface is, therefore,:
different froﬁ, and, with the usual arrangemeht of elevators,
less than the angle made by the elevator surfaces with the line

of flight,

Test Installation.— In order to determine the value of the

angle ¢€,. that is, the difference vetween the aerodynamic, or
effective angle of attack, and the gevmetrical, actual angle be-
tween the elevator control surfaces (stabillzer and elevators).
and the direction of flight the GSttingen Institute carried oub

geveral series of tests, the results of the first set being now

*From Technische Berichte, Vol. III, Part I,
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available, The object of thege tesis was to detsrmine, undev
differsnt conditicnsg of flight, the direunicn of the air strean
in the wake of the wings, whish direction varies, in general,
at differont points. The {est installation shuwn in Fig, 1

wag designed for this purpose.

The airfoil used had a span of 780 mm (28,35 in) and a
chord of 130 mm (4,725 in), and was tesied in the large wind
tunnel. It was suspended from the balaﬁce, by thin wires, in
such a manner as to permii of the easy variation in the angle
of attack when desired., The values cf the 1lif+t and pressure
head of the air cu:rent were recoracd for each of the measuring
points. Two zows of vertical wires were also arranged 108 mm
(4.235 in) and 391 mm (15 29 in) reopectively, from the trailing
edge of the aizfoll and parallel to the leading edge. To these
wires thin silk threads about 200 mm (7,86 in) long were attached,
at three different heights, namely, on a level with the leading
edge and at 100 mm (3,93 in) above and below if, with the object
- of indicating the direction of the .air stream. The air ocurrent

was directed on the airfoll horizorntally (sese Table I),

Table I - Sedquence of the six rowe of threads.

Distance Percent [Distance of the =eapeciive rows, in per-
from of cent of span, benind the leading edge,
leading edge span T )
0.317 b C.71 b
Avove L.E, +0,132 b No. 1 No, 2
Level 0. 00 No. 3 No., 4

Below L.E, ~-0,139 b ' No. 5 ' No. 6
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There are thus projected on the plane of symmetry of the
airfcil, gix rows of thre&&s, whose pointe of attachment lie on
p3i8llnle to the leading edge. It is necessary to distinguish
between the rows of threads at the 1evel'of the wing, thcae
abcve, and thoae below it., The threads neareat the airfoil are
kncwn as the front zow, .the othors form the rear iow.

At each test, as soon.-as the airstream had settled down,

a photogranh of the threads was taken from the side, on a plate
placed parallel $o the plane of symmatry of the airfoil, The
threads were parii-colorsd biack‘and’white with different marké
inge for each row and thus appear on the plate as variouasly brok-
en lines, rendérzng 1d=ntificacion casy and certain. The ex-
posure wag 8 — 3 gecvnds, - A second photograph was simul lanecus—
1y taken from above, on a horizontal plate, in order to ascer- '
tain whether the threads took up a sufficiently a ccurate posi-
tion in their vertical: planes and paiallel_to the direction of
the air sfream, and. wkether the angles read from the firat plate
could be Eakén as truly indicating the actual downward deflec—
tion. In all the tests this was fouﬁd to be the case throughout,
A photograph was also taken of the threads in the wind tunnel

with the airfoil removed, in order to obtain the direction cor--

responding to and representing the direction of flight. A
wire at right angles to the air stream served as a base line,
from which all angles were measurad on the photograph by means

of 2 micrometer.
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T£e Testg. -~ The tests desoribed were carried out on a series
of rectangular single wings, with an aspect ratic of 6, There
was no fuselage., Two airfoils were without waxrp along the span
gand differed only in the sh&pe of the section, The remgining
six models had varying degrees of warp along the aizfoll, the
angle of attack increasing or decreasing unifozmly from the cen-
ter outwards, T denoting the angle of attack at the extreme
ends of the airfoil when that of the central section 15 o°.

The experiments were carried out as degcribed above withoutb
any difficulty being encountered. It was observed, however,
that the threads-in the space to the rear of the wing tips exhib-
ited a tendency to describe a sort of elongated cone, instead
of settling steadily in the difection of the airstream, Readings

could not, therefore, be.obtained from these threads.

Repregentation of the Regults of the Tests..

The values of the 1ift coefficient and the angles of attack
are given in Table II,Ifor the entire series of tests, Figs. 2
to 9 give a rough diagrammatic sketch of the deflections of the
air flow ag recorded, which give a sufficiently acocurate idea of
the path of the air current, Each figure rerresents data for one
airfoll, The distances of the poinisg on the diagrams from the
central vertical line corresrond to the dintance of fhe corres-
ronding thread from the plane of symmetry of the airfoilﬁ The .
points to the left of the center line refer to the front row of
threads and those to the right of the line, to the rear row. Thus,

only one-half of each curve is represented on the dilagirams, with
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the object of giving a more complete illustration. This is the
usual practice when representing a symmeirical body, one half, up
to the axis, being shewn in elevation, the other half in sectilon.
The curves join all the points corresponding to one angle of at-
tack., The groups of curves, cone above another, represent the .rows
of threads at various height, The dewnward deflection (downwash)
given by the wing to the air current is indicated by the angle ¢
in degrees, -above aund below; the dewnward inclination correspo
to a downward deflection of the air stream, and the consequent
reduction in the angle of attack of the elevator at this point.
It should, however, be noted: that only the points represented
by emall circles rerresent valuss obtained from actual observa-
tion, and hence, the paths of the curves raszsing through them
are somewhat arbitrary and must not Be taken as rigid, This is
especlally true of the region immcdiately behind the wing tips
wﬁere, for reasons given above, mo relisble data concerning the
angle of downwagh could be obtained.. I+t is, therefore, pogsib;e
that at these points ~ the curves follow quite a different di-
rection from that shown. As, however, this is the least likely
rlace for fitting the elevator gear, the shape of the curves for
poeitions immediatvely behind tho wing tips is not of material

importance here,
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Tahle II ~'AngJe of abtack and 1if% coelfficient,

b = 720 mm, t = 120 mm, F/b =1 : 8, a = 35 kg/m®.
Section No. 120 210 134 .-
Model No. 914 915 916 817
Figure No. 3 3 4
,-——*owashin___.
Angle of washin o 0 4,5 3°
and washout T
a - CL o CL o CL o4 CL
-4.0° 27 |-5.2° 21 | ~3.4° 14 |-3.8° &
-0.9 54 |-1,7 17 |-1.0 34 {~<1.0 33
Angle of ' -
o B1L| 0.3 40 2.0 57 | 3.5 s
-.atbtack o and
_ 4. 5 g6 3.0 83 4 9 78 5.3 79
Lift coeffi- '
7.5 118 5.6 80 8.0 101 7.7 89
cient, CL '
10.5 138 7.0 a7
Tsble II {Contd.)
Section No. l 134
¥odel No, - 918 929 g230 921
Figure No. & 7 '8 o
washin. washout
Angle of washin| ' 1.85° | -1, 80 230 -4, 5"
and washout T
- o CL —CI. CI_;— lod CL' o CL
-26° 10 |-2.9° -2 -3.0° -8 | -2,7° _31
Angle of ) -0.7 29 1-32.0 8 -0.5 30 -0,4 -13
attack o and 1.8 48 0,3 29 1.9 338 3.4 38
Lift coeffi- 5.2 73 3.1 50 5.2 64 5.5 58
Gient.CL 7.8 87 58 72 7.4 &85 7.1 78
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Results of Measguremsnts.-— The conditions existing in the

region behind the wing can be readily secn from an .examination
of Figs, 2 t0 9, The saddle shape of the curves at the wing
level should be specially noted. This formation was also found
to exist with most of the warped wings in which the angle of
attack decreased towards the wing tips. These wings also, pro-
duced a smaller downward deflection of the air stream at the
center than towards the tips.

A comparlson between the results of tests on the two wings
Iwith uniform section throughout, witkoub warp, in Figs. 3 and 3,
shows that the deflectlon of the air ebtream is apﬁroximately
proportional to the 1ift coefficient. If we then confine our-
selves %o warped winge in which the angle reaches £3° and
examine the odrresponding cuzves obtaincd, the differenée between
them can be readily seen, Special attention should be paid to
the form of the curves relating to the central portion of the
wings; and this is the pert which is of the greatest importance
having regard to the usual positlon of the elevatdr. Over this
rortion for a given 1ift ccefflcient, 1t wiil be seen that the
angle of downwash is approximately uniform for all degrees of
warping. The experiments, therefcre, demonstrate that the exist-
ence of a twisi in a wiag bhas no great influence upon the angle
of attack of the elevator when fitted to the rear of the-central
portion of the wing.

Theory, 2nd Review of Results.- There is both a general and

a special theory of airfoils, The special theory assumes, in
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edvance, that the lift is distributed ovsr the full span of the
wing, the pressure at any ﬁoint being proporticnal to the ordi-
nates of a semi-ellipse having 2 major axis equél to the ‘span.
Calculation ehuwe thet %he downward current behind such a wing
is unifomn along the whole span.- 'The experiments just described,
howerer, show that this is ﬁoﬁ generslly the case and that the
asauuption w&s,'ﬁhe:efére, inacéurate, I+ is noteworthy, how-
ever, that ovaclusions based upon this assumption often corres-
rond very well with the'bbserved‘rgsults.

. The geneval theory leavgs the'questioh of the distribution
of the 1lif% alonc'the'span 6pen for the preseqf; and assumes
that it is uniform at'all angles of attack; but no conclusions
as tolthe angle of downwash ¢ of the various points of the wing
can, as yet, be drawn, It is, however, cleaz, that this angle
is the product ofla constant "g" and the induced angle of-atiack
(see E, Munk, "Some cobservations on the aerodynamics of support-

ing planes" T.B, Vol.II, No.23, p.187), viz:-

C: F : .
= g._%__m57.3° for monoplanes (1)
bR
. €=g i%;g; 57, 39 for multivlanss (3)

The values of "g" must first be established by experiment,
I+ varies not only with the arrangement of the wings, but élso
from point to point on the wing,

If equation (1) is‘used for points %ehind the centval por-—

tion of the wing, substituting the average values obiained by
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measurement at the three middle points of each row,

€

g = 3 -
573 Oy F/be#

and, aithough not entirely constant for 21l points, it varies
within such narrow limits as allow of an average value for all
points to be taken. Table III, tabulating these averages, indi-~
cates in fact, that they do not vary greatly for different air-
foils, and that the anéle of downwash does not vary greatly from
the direction of flight. This greatly facilitated the msking

of the experimenis, as otherwise, the threads would have 'been
curved instead of straight, making the reading of the angles of
deflection extremely difficul%, Taking the mean value froum the
bottom row of Table III, the resul%s of the entire series of
tests can be summarized as follows! The angle of atiack at the
tall unit, when in iis usual pogition, is diminished by an
amount equal to 1.8 times the induced.angle of attack of the
wings.

Table III - Values_ of the deflectinn coofficient g for
mezn_points on the indizating thrnalg,

'._l
N
()]
-
[AY)
~
| g
Lo}
()}

Yodel Nol Section | Angle of |Fig, Numerical designation of row,
No. . WIALP No. 1 2 3 4 5 5
914 190 : 0 3 L.3.1,2 1.7 1.6 1.4 1.8
915 310 0 3 1.4 1.3 1.9 1.9 1.5 1.5
916 4.5 4 1.3 1,2 1,7 1.7 1,5 1.5
917 2.0 5 1.5 1.3 1,7 1.8 1.8 1.7
218 134 1.5 8 1.6 1,3 1.7 1.7 1.8 1.4
919 -1.5 7 1.6 1.3 1.9 1.8 1.6 1.7
9230 ' -3,0 **| 8 1.5 1.4 3,0 1,7 14 1,5
931 - -4.5 9 1.5 1.2 4.2 1.7 1.5 1l.4
Mean 174 151 154

* Angle of washin,
¥* Angle of washout.

Translated by the National Advisory Commitfee for Aeronautics.
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